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(54) Layered noble metal-containing exhaust gas catalyst and its preparation 


(57) The invention relates to a high performance 
catalyst containing an inner and an outer layer on an 
inert carrier body comprising noble metals from the plat- 
inum group deposited on support materials. The catalyst 
is characterised in that, the inner layer comprises plati - 


num deposited on a first support and on a first oxygen 
storage component and the outer layer comprises plat - 
inum and rhodium deposited on a second support only 
and the second layer further comprises a second oxy- 
gen storage component. 
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Description t 

[0001] , the, present invention relates to a bighVpe^ inner and an 

outer layer pn an inert carrier,, body. Thejay^rsxompjise ^ npbje, metals, from, the platinum £ roup deposited on support . 
materials. _ / £ _ ■ " ( . ( ^. V/ ,^' Jr . V,'. , > W, . \ . 

[0002] Three-way catalysts are primarily used to convert the pollutants carbon mon oxide {CO),' hydrocarbons (HCy , 
and nitrogen ,pxides (NO^contain.ed.Jn the exhaust, gas : ,ot internal combustion engines into harmless substances. *, \ 
Known th reer way. catalysts with gqc^ activity and^urabi I ity utilise^ one.or more : catalytjc components from the platinurn 
group metals, such as platinum', .palladium, rh od i urn f and. iridium deposited on a ^^igh^surtace-area, refractory oxide . 
suppqrUe.g., a high surfacearea^ alumjna.,The support is usually parried jn,the fprm~of /a thin, layer or coatkia ora a - \ 
suitable carrier or substrate such as a monolithic carrier comprising a refractory ceramic or metarhoneycomb.stn^ctUFe. ' 
[0003] , The ever increasing deman^ catalyst activity and life,has led to complex cata|yst designs corn-.; 

prising multiple catalyst layers on the carrier.structures, .each of the layers containing.selected support mattarials and , 
catalytic components as well as so called promoters, .stabilisers and oxygen storage compounds, > 7, , - 
is [0004] .US Patent No. 5,06^1 92 describes a threerway catalys^with, improvecj resistance to. thermal;. stresses. which 

consists of a first and a second catalyst layer. The first layer is directly poated onto.the : surface of a monolithic honey- \ 
comb, carrier and comprises active alumina and .deposited tfterepn catalytic components comprising platinum anchor 
rhodium and at least one corn pound from zirconia, Janthana.or barium oxide. The second .layerjs coated on top of the., 
first layer and comprises active alumina, ceria and a catalytic component which comprises palladium, -the oxides of 
zirconium, lanthanupi and/or barium prevent the particles of active alumina .from, sintering due, to high exhaust gas * 
temperatures and thereby improve thermal resistance of the ....... _ ' r ,^,-. ( 

[0005] US Patent No : 5,677,258 describes a three-way catalyst containing barium oxide with irriprpved .resistance V'J 
against poisoning. with sulfur and water. The catalyst cpnsists.of two layers on.a honeycomb carrier. Thejqwer catalyst V, - 
layerjs located, directly on the carrier and comprises at least barium or lanthanum^ The, .upper layencomprises a water 
adsorbing.component. The catalyst further comprises a cataJytjcally active. metal-whichus located at ; least in the lower 
or upper layer. In a special embodimenV.the lowerJ palladiun^and active aLumina^and the upper, 

layer further comprises platinum, and modiumr v '^ 3 . f <5 ,. \ ri ' - ' . '.. ..' ^ /~ " r : ^ 

[0006] . . US Patent No. 5,057,483 ;disclpses a .three-way catalyst comprising/two discrete- layers pn v a monolithic carrier. u 
The .first, ipwerjayer comprises^a . first activated; alumina amount of t a .first platinum- . 

catalytic, component dispersed ,^ 

second or outer layer comprises .a.j co-formeo 1 : rare, earth oxide-zirconia support a^tei^bally, effective amount of ia^ 
first rhodium catalytic component dispersed on the co-formed rare earth oxide-zirconia support, a second activated , 
alumina support, anda catalytically effective amount of a second platinum catalytic commorient dispersed on the second ^ 
alumina support* . V \* . ' „~ t . \. [\ 1 " ... ^ ... ; . , V *~ 

35 [0007] PCT-Publication WO 95/35 1 ?2 disc loses ;another. th reer\yay catalyst, consisting ,of two-iayers! which Js ther- .V 
mally stable up tp,,90p o C or.riapre.. The first lay erxpm prises, a first support/ at ieasCone first palladium component, . ; 
optionally a first.plaji.num group component; optionally at least oneflrst stabiliser; opjjojiai^ at least one .first rare earth .1 
metal component, arid pptionally.a zirconiurn compound. TheWcond layer comprises^a; second -support; a second ! 
platinum component; a rhodium component; a second oxygen storage composition comprising a diluted second oxygen > 
storage component; aod : optibna!ly a. zirconium component.. , . - „ , r c . . : ., v . . f «v" , ^ .. ,7 s \ r '^ r< 
[O006] 7 German publication DE 1 97 26. 322,^1 describes a three-way catalyst which .exr^ibrts Improved activity : and 
thermal stability and.whicri consists of two layers.on an inert carrier.The first or lower, layer comprises several particuJate - 
materials and one or more highly disperse^ aikaline : earth rr}etal oxides, and .at t l east ^ one platinum group metal, which 
exhibits an intimate contact with ajl components of the first layer. The particulate rraterials of the first layer comprise, 
45 at 1 # st 9 n © Particulate oxygen storage material, and at least pne further part leu Jate .component.* The second layer 
comprises again several particulate materials and at least one platinum group met^l. The particulate materials of the 
second layer comprise at least a particulate oxygen storage material and a further particulate component. The platinum ' 
group, metals oj the second layer are deposited selectively op the particulate rnate^ialspif ,the second layer. Preferably, ■ ' 
the pjatinum group metal in the first layer is palladium and the platinum group metals^of.the second layer are platinum, 
50 and rhodium. \\\ . . . ... \ [ ... 7 , . , ' _ t .A c ^ , ' - T ^V,^ 

[0009] JhisJatter th ; ree : way catalyst exhibits excellent catalytic activity especiaily'during the cold startphase.of mod- ' 
em internal combustion engines which are pp ; erated ( with jean airytuel mixtures during cold start to increase the exhaust 
gas temperature as fast as possible. The excel leht'behayiour of the catalystJs essentiaily due,to,the use of palladiurn^ V, 
which. under lean exhaust gas conditions yields lower light off' temperatures than platinum! Despite its ^ excellent per-- 
formance this catalyst faces the problem that there |ias developed a shortage \r) p^Jjadlum. supply during thejast years, 
resulting in rising pricVs'anc-.an uncertain supply, situation. " _ . * . ^ . V > . _ . - ■ 

[0010] A further problem with existing three-way catalysts, is the fact that they sufferj under fuel-cut aging. The term,/ ; 
fuel-cut aging describes catalyst performance degradatipn. J due. "to, fuel-cut after high load operation of the -internal . 


20 


25 


30 


40 


55 


3NSDOCID: <EP 1046423A2 I > 


2 


EP-1 046 423 A2 

combustion engine. Such a situation occurs frequently during fast driving phases when abrupt deceleration is requir d. 

During fast driving phases th engine is operated at air/fuel ratios slightly b low the stoichiometric value. The exhaust . 

gas'es may reach temperatures well above' 800° G resulting in everi highertatalyst temperatures due td.the exothermic 
• conversion reactions at the catalyst In case of abfupf deceleration mbo^m'"fndtbr electronics completely stop fuel 
s supply to the engine with the result that the normalised air/fuel ratio (also called lambda vahieXJof the exhaust gas 

jumps from 'rich tb'fean valuesf :V,; ^ '-- =' ' ' c , , ■ - •, 

[OOff] r These large~'excursfori$oMhe normalised air/fuel ratio^from' rich to lean valued at high catalyst temperatures 

degrade catalytic activity. Catalytic activity-can at least parity' be TecoVered by proto^^ . 

exhaust gas conditions. The faster c cata1ytfc activity is regained after fuel-cut agiriq th'e better is the overall catalyst 
10 performance Speeding ub recovery of datalylic activity after fuelK;ut l agirag »^^f^J^f^<f r s r ,K ^ 9, r;* ir ? e ; i 

way catalysis: " !CC ■■ i " <r "f . "'. ., .' ..'.C. ~ t - ..... . •_. ' '. 

[001 2] An Sbject" of the presefifiriverifiori is to develop S three-way catalyst based on platinum and rhodium which 
exhibits a similar catalytic performance as known paliadium/rhbdium cataiysts arid which is commercially competitive- 
to the latter Further, after high' temperature a^girig under lean exhaust gas conditions, the 'catalyst should recover. rts ;;. 

16 full-three-way efficiency quickly: The catalyst should also exhibit an improved nitrogen oxide conversion to reduce the f 
ozone forming potential of the cleaned exhaust gas. - ' ' . . , ..,,,- »-..,. 

[001 3] ; These and other objects are -acKfeved with a catalyst cbntairiing art inner and an outer layer on an inert carrier 
body comprising noble m ._ ..' 

characterisedin'that " , , -i... . , 

20 the inner layer comprises platinum deposited on a first-support and oh a first oxygen storage component and the outer 
layer comprises platinum and rhodium deposited oh a second support ^tHe outer layer further comprises ^sfecond 
oxygen storage component. j ■ " '" \ ,_■ . ... 

[00T4] ' The catalyst of the'present'mventibn cbhsfsts of a catalytic cbatind. comprising an inner and an outer layer on 
an inert catalyst carrier and merefbreldrms a' so called double lye? catalyst. The Inner layer" is-meant to be the first 
layer of the catalytic coating o^lfe^blr^yWWe^aiiSyst' earlier, f he' ihrfer feyer is covered with the -outer layer" 
or secohtflayer. The exhaSst gas to ; be treated with"thetatalyst ! dire^ly comes' rnto J coritact withthe outer layer. 
[001 5] The term "support material" or "support" is used in the present invention to designate a particulate material 
onto which catalytically^active ccWpbnehfs'su'drt as "the n^^lia'fe'^tfte piatinom &r&ip;of 6lemertts;or other" 
prom'oter-cbmpbrients baft be dep f 61rt§d^higbly dispereed'fbrfn, i:erwitfi ; crystallite sizes^twfeeT. I^nd 10 nm. For 
that purpose the support materials' should na^e%spefeiflS%urfabe a'reef (>i?stft^led«ET>un>c5 ; m^reti'acWrdirlg 
to DlN "6'6"13"2ybf-mbri tfiart 5 rn*/g l . ; f He first arid second oxygen "storage Components of the catalyst are also used in 
particulate^™?^- r-w* vr.orti--^. >v~>^r< ■ ■ . 

[0016] jS Whhbuf v^aritingto reslfigfthe present invention test particuTar' theory, it is assumed that the contribution of 
the lower layer to the overall catalytic performance of the catalyst consists mainly in the oxidation of hydrocarbons and 
carbon rrk>rtexide-frHW J th» hfeln'-fes^'a the outer layeris tne'feducliori of rinrogen^oxirfes. BuUheoater layer also 
contributes "particblSrl^ in ffie : c&lrfsfetfphaseVtbwaras 1 ebnvefsibrt of hydrbcarbbris and-earbon monoxide^: 
[0017] The superior propenies^offhe catalyst' acco'fdlng tbtfie ihvelitfotf with regard to fuel cut 'agWand nitrogen ' 
oxides conversion is mainly^attfib^e^o "the fact triat in^the > outer iay^;platihum ^f;^^^'*^f d ]? n "* ,e * . 
second support material only. ' ' 0 ' no - ' ' " ''" ... .. '.. • .. 

40 [0018] It was observed that depositing platinum and rhodium dritb the' same ' support material shortens the recovery, 
time' of catalytic activity after exposure to lean exrratfsf gas conditions^ high temperatures. Thisin turn yields higher 
. conversion etf^ie^^'rilfieddn^xfcle^'over^a'-full driving cycle. Depositing platinum'and thcdiu'rrr onto the same 
suppSri'-matsrial meahs trfthe cohfexr b? the pf bsent' ihveWibn that'ptatin'Uffi arid rhbdrum are dispersed I on the same 
parffclesof the" second supfrrtfiteteVial.' ^Is>latinurrr efid'-fn'odiurn-art at (easfclosely rier§hbburetl on the same 
46 particles, further irrtprovementS'caif b¥ obtained by-ensuHn|rSn iht i mat e^ontect between both noble -metals; Mow this; 
can*be" accbi^feh^^HbVdlscussetffu'rthef beibw!' ~ ' "~" . .. ,. ..„ 

[0019]' ' Accdrdingte the present understanding of the invention the' n reaSons for fuel cut aging of three-way catalysts 
may'b'e that ferge'excursic^s'bf trfe^ 

degfades^the catalytic : activity esp'edaTry-of mbdiunri/Under stoichiometric or rich exhausf gas conditions rhodium is 
so reduced nearly to the oxidation state zero which is the most effective state for three-way catalysis. Under lean exhaust 
gasesand at high catalyst temp^raSu/e^frhbdfum gets oxidisedtip to oxidation lisvel +3. This oxidation state of rhodium 
is less aetivefor-ffYrSe-way conversibn : bf p'bllutants: Moreover, sincd RhgOg is ^isomorphic in crystalldgraphic structure 
to AUOw it din migrate at temperatur6raDove 600° C Into the ^fticV of alumina' or other isomorphfc^upport oxides of 
the general composittoh -M^0 3 starkfe^or ametal atbm)v res'uttingWa^^enfxIegraiJi^.of catalytic activity - 
ss [0020] 'To regain its catalytic activftfand fo avbid losses of rhodium ; int6 the lattice'of alumina, rhodium must therefore 
be reduced as quickly as possible when the exhaust gas composition' cnanges back to stoicfiidmetry: According to the 
preserrt ; understandingbf the inv htidri. reddction of rhodium tb oxidation state zero is catalysed by platinum: The more 
intimate the contact b tween platinum and rhodium is, the belt r is this' reduction effect. 
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'"f dltlo P:, t ^ jendency of Rh ? 0 3 to migrate into isomorphic support oxides can be limited by appropriate 

reducing to convert rhodfum oxide more rapidly intb'theWtaliib fbrrn under' 

reducing cond.t.oris, and hence the risk /of .W£q ? migratir^in>6)he su P pbrt, oxide is-further hiihimised. A suitabW" 
^'^.^^-^• P ' U ^ iS W^^X^ria). But sihceceriaalsoe^ibtts'an'oxygin storage and release ' 
capab, rty the arnpunl ^dbp.rig wi^ ceria muS be lceptJow so as to/not promote oxidation of rhodium by a' too Kign '' 
level of cena in the support oxide. " • - '' ,; <! : ~ '■ - .5c •-■ • ' 

[0022] -The present invention will be further understood wftn reference to the acbbmpanyi^draWings, wherein : Figure ' 
,„ r 1 „^°r l schem *! c ' representation of th6 measurtnjg principle for determining botid; ciossW^nV' w " ; ' ' 

[223 ' %?f° embc * im , ent * ? f - tne to the invention <wij> nSw ^explained in more ' detail '' 

[0024r The ^?t arW second suppbrtsrof th tne ^ > nd sec ^ d ^ " 

supports are selectedfrom the group consisting ofsiRca; alumina, tjtenja, kir^bnia. mixed oxidesor mixtures therefrom "" 
The term mixed ox.de designates an ifitjrriate mixture pTtwbqr more oxides brfahatornic level which may be regarded 
, s ^idemateSlT 1 Whi,e ™ term fixture designates' the mechanical >riixtur e ; of twS or/rnbre pa&u&e 

[00251 Most advant^^ 

or a zircoma-rich z.rcon.a m.xed oxide. Activated aluminas exhibit specific surface areas of up to 400'm2/g They f 
comprise the vanous-phases from the transition, aluminas which, are formed/by hating aluminium hydroxides in air " 
see Ullmann s Encyclopaedia of Industrial Chemistry; Fifth Edition, 1 685, Volume 'M, pages 561 and 562) For improved " c 
temperatures ^'l.ty.the active alumina can be stabilised with b^fo 20 wt.-% of lanfhanaV Such materials are com- 
mercially avaHable. The frequently used stabilisation of alumina with ba'rfurri' oxide tbar¥) is less preferred "if alumina'' " 
n^f, a l - H PP ° rt ma,erial for .,ptetinum because this bears the nskV fdrmation of bariurn platinate '* u ' 
[0026] The term ^irconia-rich" means that the material contains at/least more tharf 50% by weight of zirconb preP' 
erably more than 60 and most preferable mbre-,than ; S0% by weight, the' balance being formed by yttria, neodymik 
ca Cum oxide (calc.a), silica, lamhana or ceria which serve to stabilise zirconia a^aihsi^Kermal stresses. Most prefer- 
ably a zircon.a-nch z.rcon.a/ceriS mixed oxide Js Used Pure zirconia and the stabilised zirconia compounds will be ' 
summarised under the term "zirconia component" in the following " ^~ :: ' ' ■ ' - •-" 

[0027]; The^r brflrsn^^ addttibnVstaM^ zfreoritT' 7 

SSS^ Ceria is Well-known' to' : ' ; 

s ate Ce f Under rich exhaust gas conditions ceria releases oxygen ah^i acquire? the C> oxidation^staYe r; Instead '" ' 
of using pure cena as an oxygen storage compound it is preferred fb use ce^a-hbh'c'lria/zircohia mixed oxide com- ' 
™ 0£r S 3 c ? r,a c °« a !™ of from . 60 to 90 w^.,-% relative to thetb'tal weightif%-e mixedbxFde. Such rhateriate"' C 
are available with specific surface areas of 20 to 200 and exhibit a good temperature stability of the surface area " 
Further improvements can be obtained by stabilising this material with praseod^mia; yttr^ neodyrriM; lanthana" or 

t^SSJj- ^ f 2^^° tolltf'^^/rSlative to the' "' 

total weight of tje stab.hsed matenal.are s^lenCstabil^ f as e d U8 j n - - £ 

rn^a^k n ® od y m, ?-, lantna n a or mixtures thereof; described in German patent'application DE 1 97T4 707 A? -* "' 
[°°28] Accord.ng.to the present invention both, the support r^^ls^the^oMln^torade cbm'pound serve 'as^' " 

caSSMtSf" 0 --^ 

[0029] The oxygen storage material of the outer layer may be the '^rhe as,' or different frbm! the storage material bf ' ' 
mtlTov^ yer 't K S . Pr !. f t d t0 thS ^ ame s tora 9 e material fbr the inner and outer layer, especially ceria/zirconia ' " '' 
f3S ' ^ ,, ^•Tt^^^^-^' 8 ^ storage material of the outer.layer must be kept frej 

from rhodium Deposing rhod.um on the second oxygen, storage material wou1blgatffo J leactfvation of : 'inodium5 X 
reducing activity by oxidation of rhodium. ' " ' - c " •' " - : . ■= 

a ™ H? U v er ° r S f t0 ^ d ' ay6r may fUrther bomprise a certajn <»^ntity of activ'e alumina in particulate form which : 
serves as a diluting mater.al. Th.s material may or may not be stabilised with lanthanaor baria ' 1 " • 

^.l/"?!--'!?^^ ° f CatalytiC actiVft ^ and ' tem P erat "re 'st^bil^ if , he second layer is' a ' 

^pjemented wrth a h.ghfy.d,spersed component selected frorn the. group ccmsisl^of yttria, neodyrnia/lahtrf&oV"* v " 
praseodymia, wrth praseodym.a being preferred, These bompbunds may beintrod^ed into the 'fe by'addihd' a ' 
soluble precursor cprrippund of these cbmppunds to the' 'cbating composition^* #e second te^er ? s : ' "' " • 

[?r5 t ,erm ' d ' s P eraed c °mponeht" means that, contrary to a "particulate 1 cpmpbhent"; thfe material is added to 
the coating compos.t.on..n the form of a sbluble precursor' compound which acquires its final dispersed form' upon""' 3 
ca cnmg o the cata lytc boating. The average partible size of dispersed cornpon b nts may range b£we s h 6,001 an'd CC 
?^ partl0 . urate " PO^onents usually exhibit mean particle diameters between^ ahd iSurh " ' ■' " : ' : ' " d 
5-nn!S J ? e / d ! 8P ^ r8ed com P onent of second Jayer serves multiple functions! At 'first, "it staBilises'the p'artlculate ; '■' 
components (alumina support and ceria/zirconia oxygen storage compbnent) of the second layer against therrnal deg- ' ' 
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radation. Therefore, When adding Je\g. , praseodyrriia in dispersed form to the second' layer qeria/zircpnia must not be 
stabilised bifpVSKa^ be stabilised in sitU dfripglthe ™ coating /Sec^n^ exhibits 

alsoWi oxygen storage and'reieas^ functiori Which h Ips to improve ^ the dynamic behaviour of the final catalyst, though 
the oxygen storage capability ^ of f pfaseo^ymia ' is not so pronounced as that of ceria. . ... . . ^ 

5 [0034] The catalyst carrier body use>d in the present invention is inlhe form of a honeycomb monolith wjth a plurality 
of substantially parallel passage ways extending theretrirdugh/the passage ways are define*} by walls onto which the t 
catalytic coating comprising the inner and the outer layer is applied, . ,■ -< „• - ■ , . . 

[0035] The passage ways of trVexarrieY body serve as flow conduit's for the exhaust gas of the internal combustion , 
engine. When jflpwing through these passages, trie exhaust gas" com es^ into cjose 'contact wrth the catalytic coating^ 

io whereby the pollutants containedljn the 'exhaust gas. "aret converted into benign, products, The.AaVrier bodies may be 
manufactured from any suitable' material, such as from metal lib or ceramic^ as isVel.Lkhowh in the art. The t 
passage ? waysWe arranged in a regfU Jar pattern "over'the 'cross section ofthe carrier bodies . .the 'so-called cell density 
(passage ways per cross seciionat area) may vary between i6 and 200 cm^/.Othe.r suitable carrier t>odies may have 
an open cell foam structure. Metallic or ceramic foams may be used." 

15 [0036] The inner layer of the catalytic coating is applied to the carrier body jn. amounts of f ro/n about f 50 to 250 -g/l,. . 
and the oute f layer' is applied in ' amounts of from' f C> to 1 50 g/l of the carrier body. ' A^aritageoijsly,' the* ' inner , layer 
comprises of from 20 to 150g/rpf said first support component arid from 1*6 to 1 0*0 yi. of said first oxygen storage, , 
component the inner layermay further cofnprise 5 to 60 g/\ ptifrconja prpf a zirconia cpmppQept- Platinum is present 
in the first layer in concentration! of from 0,0^ .to 5, preferably .from; 0,05. to 1 wt.-°/o, relative to the total we.ight of the 

20 first laVer. The concentration of platinum relative to the' volume of Ithecatalyst carrier range? if rorn 0,01 to 12,5 g/l, with 
concentrations between ^ . , „ . r \ . . . ~. • - t 

[0037] In a most preferred embodiment the first support comprises an active alumina with a specific surface area 
between 50 ahd'200 m^/g stabilised with lanthana, while thafirst oxygen forage comporient is advantageously selected 
from ceria-rich ceria/zircdnia mixed oxides containing t 60 to 90;wt.-% of ceria and addrtiohally stabilised with 0,5. to 1 0 

25 wt.-% orpraseodymia (Pr 6 O n ). This com position pf the. first layer i$, believed to/imprpve it^catalytic'luncfipn with 
respect to the oxidation o1 [ hydrocarbons ~(HC) and carbon monp^ . ^ ; , . . - - ^ ^\ 

[0038] The outer layer, of the catalytic coating comprises of from 5 to 1 00, pr^f erabiy of/f rom^S tp 20 g/l of s„aid ; . second 
support, and framed 100, preferably from Stp 50 g/j of said seconij oxygen stprage/cornp'onent. Th^ outeHayer may 
further comprise" from 5 tp GO g/T of; activated alumina. In^eoutW^ayQli platinum and' ^ on the 

30 second support. 7 Compared to 'thVim^ cpncentratiori' of the noble metals relative 'tp the vveight pf \he ,sup--_ 

porting" rnate^ 

20 wt.-% relative Io 5 the weight of tb^»secpnjd support material may.be sejected with concentrations between Land. 15 
wt.-% being preferred, t t? concentrations relative'tp theyblume biihe catalyst carrier 

between 0,0^5"§nd 20 g/l, preferably . ^ -- : " -■ , ■ - • o -. -?r- ■■. T ' " 

35 [0039] * As aVea^explained, platinurjn in close, contact tp rh^jum in the "outer layer hejps ; to reduce rhodium, qxide 
formed during if u el ^cut-off phases bp r k to the For performing this task, the.roass ratio between platinum : 

and rhodium shpi]Jd. be selected^ '3":\and 1:1. are most effect ive . 

[0040] As in thV.case of thblnnef laye/, :the |econd support is'preferably' selected frpnrj Tan active alumina .with.a 
specific surface area between^ amf 2o6jr/f/g stab'ilisecl wrth lanthana, while the second. oxygen storage component 

40 is selected from ceria-rich cWriaVzirconia mixiad oxides containing 60 to 90 wt.-% of ceria additionally stabilised with 
0,5 to 10 wt.-% of praseodymia .(P r fiQi r i)- As discussed above, stabjlisatipn r with. praseodymia, or arternatively with 
yttria, neodymia or lanthana, can also be achfeyedby add^ng.these, compounds as highly ^ispersed comppnents to 
the secpnd'Iayer' e 1 .-11 .... , . : * : ■: ■ : 

{004fj For the purpose of suppressing tHe emission of hydrogen sulfide the first and second layers pUhe catalytic^ 
45 coating may furtherVomprise from r : , -. . JV 

[0042] The catalyst of the present invention may be manufactured in various ways. Some of them will be, described 

below: '* ~ ' " w ." *' .\. . . . : \ . - . . * 

[0043] For providing the inner iayer,lhe 'passage ways of the catalyst carrier can be coated witfi an aqueous coating 
composition comprising the particulate support materials of the. inner iayer tincludhg\he,firstpxygen storage material). 
so The coating composition will also be called coating dispersion within the context of this, invention. The techniques for 
coating catalyst carriers with such a coating composition are well known fo the expert. The coatjng js then dried and 
calcined in air Drying is preferably/dgne at' elevated temperatures of up to 150°C. For calcining the coating, temper-, 
atur6s bf from 200 to 500° C for apenpSfro^ *_l . . , 

[0044] 3 1 After calcination, platirium^m^r lie dispersed onto the coated carrier body, by dipping ^lie^mpno|jth into a 
55 solution containing a precursor cpmpounci "of platinum. The solution may be an aqueous .p/^npn^queous (organic 
solvent) solution. Any platinum r >recurs6r compound may be used, provided. the .compound is soluble in the chosen 
solvehVand decomposes upon heating in air at elevated t i mperatures,.lilustrativ of these platinum compounds are 
chloroplatihic acid', ammonium chloroplatinate, platinum t tra'chlbricie hydrate, platinum dichlorocarbonyl dichloride, 
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dinitrodiamino p latin ium,.pjatin urn nitrate, platin urn tetraarnmine nitrate and p latin um; tetraammine hydroxide. After im- 
pregnation, the coating is again calcined at temperatures between 20o'and ( 500°C in-air" * r -' . *, ~ : . 
[0045] . Alternatively, the inner lay^ermay by p|epared,by first impregnating the particulate 'maWials of thainner layer- 
with an aqueous solution of a soluble pressor compound of pjatinum, drying and calciningYhe impregnated particulate 
materials to thermally. fix platinum thereon., This catalysed material is then used to prepare the aqueous coating com- 
position for coatingthe walls of the passage, ways of. the carrierbody. The coaf iog is then.dried and calcined as-described' 
aboye c . t; . , , t ., ^ , - ^ - ' — ' . . . a '' '' ■ 
[0046] In a preferred method for providing the ipner layer there is prepared an aqueous dispersion from^the particulate 
materials of the inner layer For depositing and fixing platinum onto the particulatVmaterials of the dispersion, a solution 
of platinum precursor compounds is injected^lqwl^ into the dispersion, and then the platinum compound is precipitated 
onto the particulate materials by properly -adjusting^ the final coatingcomposition. 
During injection and precipitation, the; djspersioa is. continuously agitated Jo "rapidly distribute the injected solution ho- 
mogeneously over the whole volume of the dispersion. The, precipitated compounds firmly adhere to the supporting 
materials. ... ■- - . ■. . . ... / / . 'I " * 

75 [0047] The method of precipitation, by Injection is described in German- patent Applications DE 1 97 14. 732 A1 and 
DE 1 97 14 707 ; A1 . Jn the following it is also called injection, precipitation. Z' Xf " \ - - - - 

[0048],. Suitable, platinum precursor compounds Jprjhis deposition method are those- already despribecf above. ^o* 
addition, amine solubilisedplatinum. compounds, such as methylethanoiamine platinum (j ^ hexahydrpxidW^MEA^Pt. 
(OH) 6 = (OH-C 2 H 4 rNH2-CH 3 ) 2 +Pt ,v (OH) 6 ) and ethanolamine platinum (IV) hexahydrpxide ((EA) 2 R(PH) 6 = (OH-C2H4- 
NH 3 ) 2 + ,Pt!Y(OH) 6 ) or other organic derivatives of- quaternary ammonium. satis, may be used. -These anionic complex - 
compounds of platinum are t known to yield platinum metal deposits^ of high disperse „ . \, . \ / . 

[004$] The amine solubilised precursor compounds give highly /basic aqueous .solutions. When' u^ing^ 
support material, the amine solubilised precursor compounds .are readily fixed onto the surface of, alumina by adsorp- 
tion. By neutralising the dispersion, the adsorbed species can be fixed chemically. - 

[0050] , : The cc-ating dispersion,thus prepared is then used to coat the^, walls of the passage ways of the carder body 
Afterwards the coating js dried and calcined in air. , . , V , V ■ - , \ , . ' .... \ / \ 
[0051] The«,above described method of. injection precipitation is preferred because itinyplves only one drying and 
calcining step whereas the first two methods each requi re. two drying and calcW^ 7 r „ 
[0052] Preferably, the first oxygen storage component for the lower layer is selected from a ceria-rich ceria/zirconia 
mixed oxide stabilised with praseodymia, An already stabilised material may. be used or stabilisation. may. be.effected 
in a separate manufacturing step. Ceria/zirconia may also be. stabilised V tn prasec^yrnia in situ during the preparation 
of the first layer. For that purpose, a solution of a praseodymia preqursVcompoun^ and ceria/zirponia 
is dispersed therein. Then ammonia is injected intothe dispersion to precipitate, ^precursor compound onto-ceria/ 
zirconia.. Suitable praseodymium precursor compounds are praseodymium t acet^ "\ 
[0053] The resulting dispersion^ then used to prepare the final coating comppsrtipn t by further addingactive alum ina 
and optionally a particulate zirconia component. The^ particulate materials of this dispersion are cthenxataiysed with 
platinumby the, already .discussed injection precipitation., .. ~." 7'. , . 
[00541 After having deposited the. inner layer onto the catalyst carrier, the outer; l§y§r!may be prepared as fpllows:. 
[0055] At first,the seconci-support parrying platinum: and rhodium, js prepared^ by^ijmpregnating this supportwith an 
40 aqueous solution of soluble precursor compounds of platinum and rhodium, and drying and calcining the impregnated 
support. Thereafter. the catalysed support, the -second, oxygen storage com active alumina are 
dispersed in water to obtain a coating composition. This coating composition is usedtaapply the. outer-layer on top of 
said inner layer. Finally, the coated carrierjbody is again dried and calcined as described herein. T" , - 
[0056] Suitable precursor compounds for platinum" are those already mentioned above. As precursor for rhodium, 
45 hexaamminerhodium chloride, rhodium trichloride, rhodium carbonylchloride, rhodium trichloride hydrate, rhodium ni- 
trate and rhodium acetate may be used advantageously, buj rhodium-nitrate being^pref erred, » 

[0057] ,. The second support may be impregnated withplatinurn and rhodium pr^qursors'.sequentially in any order or. 
simultaneously from one common, solution, .However,, as pointed out above, it : ishighly d a. contact", 

between platinum and rhodiuruas intjmate as possible. It wasfoundthatthis is best acr^jevedhy first depositing platinum J 
and subsequently rhodium onto the support material by the above described injection ^ pVecipitatipn Ppr. that purpose, 
the precurspr. compounder platinum is selected from amine solubilised platinum iike^ethanolamjne platinum (IV) hex!, 
ahydroxide, and precipitation, of platinum is effected by properly 'adjusting the pj-^value ^of the dispersion. After the 
precipitation of platinum, the support. is ; not drjed and calcined but rhodium is then directly precjpitaWfrom a solution, 
of an acidic precursor compound of rhodium such as rhodium nitrate. , - ,~ - ' ' 

55 [0058] For that /easpn, the aqueous coating dispersion for the outer layer is'pTepared by preparing-a first Aqueous ' 
dispersion from the second support material, preferably active alumina, and then injecting an aqueous -solution; of an 
amine solubilised precursor compound of platinum .into the dispersion. The amine solubilised precursor compound of - , 
platinum is readily adsorbed onto the active alumina. Thereafter, an aqueous solutionof an acidic precursor compound- , 
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of rhodium is injected into this dispersion and-ttfe pH-value of the dispersion is properly adjusted to fix the platinum' 
and rhodium compounds onto the* second support; 1 * : * : - l ~ ■ '*•" " ■ - ■ 

[0059]" Thereafter, the catalysed second support material may be- separated from" the liquidphase of the first disper-' 
sion and dried and calcined before redispersing it together" with the secbnB c^geh storage component; and optionally 

5 additional active alumina, td*fdrm the coating dispersion for the d trier tayeir. MbsF'suitably, spray or flash calcination 
may be erWployed-fbr caicinincftfre catalysed support material: 1 hi cas'e of sVray^br flash caTcrnatibn, the wet material- 
is injected into a hot stream of a gas with a temperature between 700 and 1000°C, giving rise to drying and decom-" 
position of the precursor compounds within a few seconds of evert within : less than a second." This results in a high" 
dispersion of the forming noble "rrl^tarcrystallitesf ;:j - ' ~ ' { - * tc : ' <x ° " ? ; ' c ' c "' - j 

10 [0060] ■ However, it is preferred ttfavbid the : intermediate step of drying ahVcafcnhincj the catalysed second support 
material and to'directly add the second oxyg§nistbrage eomporife^ alumina," to the 

first dispersion containing the catalysed second s&p^o'rt. "Phis is^bssible' b"e£ause|Satinum and rhodium are fixed firmly 
to the second support^ ^ - '.; - , 

[0061] The coating dispersion thus. obtained is then used to apply the outer layer on top of the inner layer followed 

15 by drying and calcining the coated' catalyst carrier. The latter preparation method' fofth§ outer layer is preferred oyer 
the formerly described method because it avoids the separate heat treatment of the catafysed second support; 
[0062] The second oxygen storage -component is'preferably selected Yrom^a ceria/zircbnia i mixed oxide Stabilised 
with 'praseodymia.' Stabilisation of ceria/zircbnia can advantageously be achieved by the tri situ method already de- 
scribed, above. For that purpose, the solution of the praseodymium precursor compound, ceria/zircdhia and optionally 

20 alumina are added 1o~ the dispersion containing alumina catalysed with platinum ancPrhbdium. The resulting dispersion 
is then used to apply the second coating layer. Upon calcihatibh bf this layer, Hhe praseodymium precursor forms highly 
dispersed praseodymia on the surface of tne ; 'particulal!e ; Tnaferials of the second layer Thereby ceria/zirconia gets 
stabilised against thermal stressesf ! ahd in addition, the bxygen 'stbrage capacity oHhe catalyst is enhanced by the' 
oxygen storage capacity of praseodymia? " ' ■ . • - v. 

25 [0063] :c In summary; in a most pref erred erhbbdlrrient of the Invention, the infier layer bf the~6ata1yst comprises platinum 
deposited on active alumina and on ceria-rich ceria/zirconia mixed oxide,-ahd-the outer layeYbfthe catalyst^bmprises 
platinum and rhodium depbsite'd oh active alumina and the 1 buterlayerf urtheV cbmpnses^erra^icH^eria/zircbhia rnixed 
oxide. This catalyst is obtainable* by : the f blowing prc^ '^'^ tX: v "'- r " v " ' ' ,r - b ^>* wr;w qo: J 

30 a) prefSaririg'&sdlutibn of a pr^sSc^rh'ium iprec^sbr, adbing^ef iaYzircbhia mixed oxlde^ahd "adjusting the pH-value 

of ' the dispe rsfonlb ifte fJiby preripftate the l $ fas eddym iurff pfecu ribr bhtbc enatfz i rcohiaV : - ' Mw -* 
; b) further adding alurnina' ano 1 bpTbna^ly^ zrrcbh of sfepa)^ r > * 

c) injecting^ sbfirfibh ofa'plallnum'prbcursor into the r Eitipersibh of stepr tr)'ahd precipitating 'it ontb"alumtna*.'ceria/ : 
zirconia and optionally the zircorria : 'cbrnpbhent Tdbbtaih a first cbaf ihgbbmpbSitioh for the inner iayerdf the catalyst; ■ 

35 coating s a mbnbHthid carrier with- said "first cbaf ihg cbmpbsitibh ahd%yirig and dafcirfirtg We coaling to thereby 

obtain a carrier' coated with* said ihheV layer/ s- r ^ : -"--^ : *' ."tio;io:: r ^ i! - ^ ^ 

e) preparing a dispersion of active alumina and injecting a solution bfaplatinum" compodhcl info this" dispersion, ; 

f) thereafteMhjectirig an aque&uS 1 solution 'of 5 a n Soki6le rhodium pfecursor ! ihtd H the ; dispersion from step e) and 
adjusting the^pH-value^ of active a]UTriiha r datarysed with platinum 

40 and rhodium, ~ prrj-r . ^ irC: ^ lTU<r , rr>rj ::j ^^^r, ^^.^ .... r ; ; . >- . .. 

•gladding active alumina, berta^rlch 'ce rfa/zircbn fa rh'txed oxide andbptrbnaliy a s'blutibri T of a praseodymium pre-' 
cursor to the" dispersion bfstep'f)" to obtalh'a^ebbnd coating cbmpbsitibh^brthe outer layer of the catalyst, *■ ■ : - 

h) using said second boating compbfeitio^ 

i) drying and calcining the coated monolithic ' '• 5 " <:Gi 'l '°- : ' ' 

[0064] Most preferably, the : active alumina used l in steps a) and d) fort he ihnerahd outer layers; is stabilised wjth 0,5 
to 20'wt.-% of lanthana. In the abdv&d&scriBed method, the support materials arid ceria/zirconia are in s'rtir stabilised ' 
with praseodymia. Alternatively, stabilisation of ceria/zirconia with praseodymia, yttria, nebdymia, lanthana or mixtures 
thereof rnay be achieved in a separafe^step'with the ^bove doping compounds by impregnation/ injection precipitation, 

50 co-precipitation, br cb-thermohydrbiysis. : 1 ' ■ ; ; " - " * ; ' - ' ' 

[0065] " For stabilising ceria/zir6bhia*b^ impregnation, the particulate ceria/zirconia is wetted with ah aqueous solution 
of precursor corhpbunds of the desFreddbping element and then dried and calcined. Frequently, pore volume impreg- 
nation is* employed for that purpose. irYthat case the precursor compounds are solved in an amount of water which 
corresponds to the water absorption capacity of the ceria/zircbhia. - ' * ■ .... . 

55 [0066] ^^hjection precipitation '"has' 1 Steady been explained above for the deposition of the noble metal compounds ;t 
ontb the support materials. ' ^' r - : i;: : " • " ' ' -' : • 3 ^ * ; " ' ' ■ 

[0067]" r For stabilising ceria/zirconia by co-preciprtatibn, a common solutionis prepared from ceria and zircbnia pre- 
cursor compounds and from a precursor compound- of the stabilising element - Then the three compounds are simul- 
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taneously precipitated by adding a suitable precipitating agent. Thus, ceria/zirconia stabilised with praseodymium may 
be manufactured by preparing a common solution of cerium nitrate, zirconium nitrate ahd praseodymium nitrate, and 
adding ammonium carbonate or ammonium oxalate so that cerium,, zirconium and praseodymium are precipitated f 
simultaneously as carbqnates ; or qxaJafesC AfteVfiltratic^ desired stabilised cerja/zirconia is obtained 

by calcination. Alternatively cp-precjprtation can afsQ be^^e^ /,; \ 

[0068] . For stabilising cerja/zirconia by bo^Tiermoty^ prepared from cerium hydroxyqitVate^ zirconjum 

hydroxynitrate and thelnydroxynitrate'of the doping element then the sol is dewatered byjncreasing the/terjiperatur^ 
Thereby the hydroxynitrates are decprnppsed.tp forrn the corresponding oxidesrco-^errnphydrplysis. is deacribed e., 
g. in WO 98/1 6472/ . * z [ '/ / ^ it / . ' " ^ /^ . //" //'V'/^'/^ / " "// _ ./ "~ 

[0069] The beneficial properties of the catalyst accprdin'gf o the invention v/ill'obyv/be/explained further witfxthe help, 
of the following examples. ' ' ' ! -■- - ^- • 

[0070] Figure 1 shows a schematic representation of the measuring principle for determining CO/NOx cross-over 
points. r ' - ■ — ~ ~ — - - - •« 


*s Comparison Example 1 : 
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[0071] A conventional single layer platinum/rhodium catalyst CC1 ^comparison catalyst i) was prepared as follows: 

[0072] Cerium and zirconium carbonate were : treated with water and acetic acid overnight at room temperature to 

partly form the corresponding acetates. To the resulting dispersion stabilised alumina and bulk low surface area ceria 

were added. After wet milling, a monolithic carrier was coated with the slurry by a conventional dipping technique. The 

coated substrate was dried in'air aha\calcined for 2 hours at 500°C in air. - 7 .. /-~7~' , ; 

[0073] The total washcoat uptake of the carrier was 205 g/l consisting of 112 g/l stabilised alumina, 34 g/t of bulk 

ceria, 34 g/f of ceria and 25 g/f zirconia, both latter compounds originating from acetate precursors. 

[0074] The washcoat layer was impregnated with chloride free platinum and rhodium salts (platinum tetraammine 

nitrate and rhodium nitrate): The mass ratio between platinum and rhodium was 5Pt/IRh at a concentration of 1 ,41 g/ 

l(40g/ft 3 ). ..... __v./l : '\~ ' / 

[0075] The final catalyst tiad the composition given instable 1 > 0 _*-.,. 

' \ i V '■" • Table 1: . v ; -"^v [ '*« : 


' Composition of comparison catalyst CC1 - ^ > ;! ' ' ^ • 

! component 

concent ration" [g/i] 

1 alumina (stabilised with 3 wt.-% La 2 °3) 

CeO^bulk) ~ ~ - 

i-CeO^. (ex acetate)- . 

' Zr0 2 (ex acetate) : 

, 112 .:. , 

• • • "".34;:/.-;;;-: 
34''.-'ii::f 1' 

25 

f 4otaLokide. content .. ; . _ _ 

205 

'platinum^.' — -~ 

rhodium .. 

- 1,475™.. . 

. P..235... 

total nobJe. metal content ' : , 

- - ; . 1i41 ; , 


Example 1 : 

[0076]. A double layer catalyst C1 according to the invention was prepared as^foliows: *■ 
Preparation of first (inner) layer: i/^-'v 


so 


55 


[0077] To a solution of praseodymium acetate a cerium rich oxygen storage component (7Q-wt-% eeria, 30 wt-^%' 
zirconia) was added. By controlled injection of ammonia and stirring for about 30 minutes, praseodymium acetate was 
precipitated, onto ceria/zirconia.- Subsequently [ -stabilised alumina (3-'wt-% Lat2<^,"-9? : wt-°/o Al 2 0 3 ) and bulfc zirconia - 
were added. Afterthis,. a platinum- solution ((EAJ 2 Pt{OH) 6 ) was injected into the slurry and-platihum was precipitated : 
onto alumina and ceria/zirconia by proper adjustment of thepH-value of the dispersion^ with acetic acid. After milling - 
the slurry, a monolithic carrier was dipped into the slurry to apply the first lay r. 

[0078] The complete washcoat uptake was 160 g/L Finally the first layer was dried and thereafter calcined in air at 
500° C. 
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Preparation of "second (outer) layer:' * - J .*'.,*" ,,, ( \ ... .... " - . 

[0079] Stabilised a1umiha : (4 wt-% La 2 0 3 , 96wt-% At^/was dispersed'in water. Thereafter, a chloride free platinum 
salt ((EA)' 2 Pt(OH) 6 ) was inj'ected and was readily adsorbed onto the" alumina. Thereafter, rhodium nitrate was injected. 
By adjusting the pH-value both catalytic components were fixed 6nt6 the'suppdftihg alumina. 

[0080] To finish the washcoat alumina, praseodymium'acetate and a cena-nch J o^gen storage component (70 wt- 
% ceria, 30 wt-% zircdniaj were intfoduceci. '\ r * ° . . . . , V ~ / \ r 

[0081] : Before coating a' rhbnolit hie substrate, the slurry was adjusted to a pft of approximately 6 and.milled. The 
total washcoat uptake of the second layer was 70 g/l. The catalyst was dried and cajcined at 500°C in air. 
[0082] * The final catalyst had the composition given in tables 2 and 3: ' 

* ■ ' Table 2: v ' c ' ' '■ ' 


Composition of inner layer of catalyst C1 

component 

concentration [g/l] 

alumina (stabilised with 3 wt.-% La 2 0 3 ) 
Oepg/Z^ (70 wt.-% Ce6 2 ; 30 wt,-% ZrD 2 i : 

,Zr0 2 • ..... • • , ■• . • < 

BQ 

'Jsi.7 . . .„ . 
4,3 - 
*£.'. 24.-. - 

total oxide content 1 

160 " * 

platinum , .1., . 


Table 3: 

Composition of outer layer of catalyst C1 *"'- : - ; j: 

component ri - , 

concentration [g/l] 

alumina IstabTllsed with 3 wt-jVLa 2 0 3 ) , : ... ^ 
CeCVZrOa (70 wt.-%;CeO 2 ; 30 wt.-% Zr0 2 ) 

Pr 6 o 1T IU':l : -."; ..H- - - 

alumina (unstabifised) 

- 18,5' - 

.....1,5.. : 

~ s - 46 : - - 

total' oxide content 

76 1 -,;X 

platinum : % 
rhodium* — - . f ~ 

... . , ; 0,235 . - - 
: 0.235"" - • 

total: noble-metal contents " * " ' " 

-0,47" 


[0083] The mass ratio of platinum to 'rhodium was JRt/1 Rh in the top layer. The-total platinum and rhodium content 
was 1,41 g/l (1,175 g Pt/I and.0,235 g Rh/I) at a mass ratio of 5Pt/IRh (combined rnass ratio for both layers). 

Comparison example 2: ; . J . } 

[0084] A double layer catalyst QG2_was prepared in the same way as the catalyst from example 1. ; Contrary to 
xample 1 , platinum in the first layer was deposited in a separate preparation step onto alumina only before the coating 
slurry for the first layer was prepared. 


50 


Comparison example 3: „\., o ; - - : - • * ■ " " 

[0085] A double layer. catalyst CC3. was prepared in the same* way .as-the catalysfcfrom example 1v Contrary .to 
example l L the total amount of platinum was, applied to the first. layer on ly.Th us, in the resulting comparison catalyst 
platinum and rhodium were completelyrseparated from each.pther. ~. - , i v ; .-■ : • ... ■.- • 
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Evaluation of atalysts: 
[003$] :;/ 
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The catalysts according to the above examples and comparison examples were first aged at an internal com- 
bustion engine (engine displacement: 2,8 1 ) during 76 hours at an exhaust gas temperature in front of the catalysts 
of 850°C. Thereafter, the light pff.tenip^ratuje.sjQr the cojnyejsjon Qf.dC, CG^njlNQ x and the CO/NO x cross-over 
points were determined. The jerm "light off temperature", designates the exhaust gastemperature at which 50% 
of the respective pollutant is c^9^f!p^^tm^^jm' lighr^lWpe?atu7eTray fc be different for HC CO and 

no x . l.^ y.?lis. .; 

Two separate aging runs ? were performed. In the-first run, a sample of catalyst C1 and comparison catalyst 
CC1 were aged together, while in the second run another sample of catalyst C1 wasage'd together with comparison 
catalysts CC2 and CC3. Since aging runs 1 cannot' be TepToducecTeXacTly, the catalysts from the two aging runs 
differ slightly. Therefore, only the catalysts aged within the same aging run can be compared to one another. r , r; , 

The light off tests were performed at a space velocity of 65000 Ir 1 with gradually increasing exhaust gas " 
temperature (3$K/mjn) of ?.he ; engine jV , , . v;; , ■ , 

t . Measurement of : CO/NQx cross-over points .is scherriatically shown in 5igure.1^.T^-lambd%-y^lue of the air/ 
fuel I rnixture suppliedto the'engine i$ periodically changedfrom 0,98 (rich airtfu el- mixture) to 1~02 (lear) air/fgel ~ 
mixture) and vice versa. The residence times at X=6 1 .98,and k=1,G2 were set to 1 minute each. Changeover from. • 
rich to lean and back again was done within 3 minutes, the corresponding lambda-sweep is shown in Figure 1 
(lower curve). The associated conversion curves for CQ and NO x are also shown in Figure 1. During the lean 
period, CO-conversion is virtually T00%, arid drops to^approxTmatefy 50 .tb"jSO%\aurfng the rich period. The con- 
version curve for NO x behaves in a reciprocaUnanner. .During the rich peridd^NOx^nversiori approximates 100%, 
while during the lean period NO x -conyers|on drops down Upvalues between 50 ; and 60%. At a lambda value of 1 
both conversion curves cTois each btheFj^ high ^conversion which 

can be achieved simultaneously 4or CC>ar.d -NO X 7 The higher this cross-over point Jhe better-is the dynamic be- 
haviour of the catalytic activity of the catalyst. ■ v- . " ' - " . C j 

The just-described determination of the' cross-over 'point uses a so-called static lambda-sweep. A dynamic 
lambda-sweep can also be Used. In that case, the sweep curve for the ;lambda valuers additionally modulated with 
a frequency of 1 Hz ojr 0,5 Hz. The amplitude may be ±1 A/F or ±0;5 A>F (air/fuel). This amplitude usually is larger 
than the amplitude of4h"e"§Weep"curve Of ±0,02 % cbrrespondingtb ah A/F-amplitua"e of i0,3r 
; - ~ T P e dynamic cross-over ppintsjpr the, catalysts of the preceding examples ;/ were measured at a space velocity, 
of 65000 h;i and at 450°C and 400° C. exhaust gas temperature. At-450°C exhaust gas temperature the air/fuel- 
ratio was modulated with a frequency of 1 Hz and an amplitude of 1 A/F : (1 hiz± Kfi^ir/fuel). At 400°C exhaust ga$,-^ 
temperature.the modulation c ,a^ 7 7 7-. , . 

■ - The. measured^resultsare liste<d,in tables 4,and 5. Table/4 cpmpares the catajysts which were agedduring.the 
first aging run whije table : 5.compa 





7 .Table 4:. ' " . .. . ]/\ 



T 50 [°C] 

CO/NO x [%] 

catalyst 

HC 

CO- 

~.NO x - 


-1 Hz ± 0,5 A/F 

C1 
CC1 

360 
387 

363 : 

- 354 • 

~84N..-- 
' 76 / - 

88 

' •: 62 

CC: comparison catalyst;. C: catalyst; 

T 50 : light off temperature for 50% conversion 

f ~ Tables: 


T 50 [°C] 

CO/NO x [%] 

catalyst 

HC 

■'CO> 

-NO,' 

1 Hz± 1WF 

VHz'±0,5 A/F 

C1 
CC2 
CC3 

366; 

373 

389 

^55 
374 

,391 

354~ 

359, 

379;' 

T 90 

85" " 

72 ~ 

";"~"S7;:: * : 

' 79,"^ 
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b) Model gas tests: " ' " V 

After aging the catalysts of example 1 and comparison example 3 for 16 hours at 985°C in a lean synthesis 
gas mixture containing 6 vol.-% O a , 10 vol.-% H 2 0, 20 ppm S0 2 , balance N 2 , the CO/NO x cross-ov r points wef 
determined at a gas temperature of 400°C and a space velocity of 1 00000 h-i . The cross-over points w re deter- 
mined for three different concentrations of S0 2 of the gas mixture (0, 5 and 20 ppm). The results are given in Table 6: 


Table 6: 




r CO/NO x [%] 


catalyst 

a ppm so 2 * 

5 pprfi S0 2 

20 ppm S0 2 

: CI; 

^.65* c. 

n 61 

5 - 52; • 

- . -CG3 

■v .42 ' <: 

- 35 - * 

^ -J c :;30 . . 


Example 2: ° ■ : '"' ,:i " \ ' ? _ .\ , 

[0087] A further set of 4 different catalysts, C2 ( C3, C4 and C5, were prepared* According- to example 1 . Differently 
from example 1 , 'all catalysts were manufactured with a total noble metel ! loading of 2 J 2 gA (60 g/ft 3 ). The weight ratio 
of platinum to rhodium in the upper layer was varied to determine its influence on the catalytic p rope rttes of the catalysts. 
The noble metal distribution of these catalysts is listed in table 7.- ' ' ■ •'. - . 

-o,.. , - - 1 -,v-v- - r, *^ Table 7; •'•> z -' - ' ' %: " ,: 


' noble metal distribution 

/■a - - - 





: -inner laye^ 

; ; oute^ 

- - layer, j 

^ytec layer 

-both layers^ 

CatalysY 1 

: Pt ft/I] y:,i 


RhfgAl 

"Pt/Rh 

Pt/Rh 

C2 

1,41 

0,35 

. 0,35 


= : 5:1, 

- ^P3, ( 


sQ>Q$5,- 

r0,-35 , 


r5:4 . r; r 



f^.1,06 

^,0;35 


.• 5:1 ■ ' 

C5 

"* ; ^,77o 1 

•-■ "-i0;0 : 

0,35 ' . 

: -.: 

0:t. < : 

5:1 i 


[0088] Before 'determining the e©WG x crossover -points.- all fotjp Catalysts were aged for 12 hoursat an^xhaust 
gas temperature* iri front ft the-catatysfi of "1100°C in antithetic gas^ mixture of 6vol.-% oxygen.. 10 vol. -% water, 
vapour, 20 ppm sulfur dioxide, balance nitrogen. ' . ' ... •_, 
[0089] The static cross-over points' of these' catalysts were determined 1 at art exhaust gas temperature of 400 C and 
a space velocity oM 00000 rr*. Durirfg tfte'test the lambbavaiue- of the' e*haust gas was increased lrorrro.98 to 1 .02 
within 5 minutes. At 1 ,02 the lambda value was' kepYcbristarrt for 1 mintite. : Then the lambda value was lowered again 
to 0,98 in 5 minutes. After a dwell time of 1 minute, the described, cycle was repeated again for 2 times. The CO/NO x 
cross-overvalues given in table 8 ate. mean values-frorn the lasttwo testxycles. . - ; 



TabljS'8:, :.7"\"~~ 

CO/NO^ crossover points™; 

catalyst 

CO/NO x [%], , static - 

"02 

— . go; 

C3 

. - V: '55 .v . s'-,; 

c4 

"94 

C5 

<30*> 


. .^.^v— , - *): no oross-over point 


[0090] For these measurements the model gas had the following composition: 


CO : 

1,40 vol. -%_ . 

M2 

0,47 voL-% 

NO ^ 

0,1 vpl.-% * 

,co 2 

14,0 vor.-% 


„20 ppm ... 


_3Qvbl.-% . 


11 


10 


IS 


20 


25 


30 


35 


40 


45 


SO 


SS 


EF>4,Q46.^3 t A2 ; . 

(continued) 



666 ppm' ~' : ' : - 

J C3H3 - 

333ppm 

' : 6T • - 

b;93^ 1,77 vol:-% 

•N 2 * - 

'balance b 


[0091] For perf9iT5ing,^e^b^-®^:the^9en content of the model gas, vias, varied Sween 0.93 and ^7.7- ' 

VOI.-%. , ^ ^ , ^ - ^ r . - - - 1 -».. . ^ ■■ 

Example 3: •.. .-r .... <; 


[0092] Two further catalysts, C6 and C7, with a total noble metal loading of 1 ,41 g/I (40g/ft3), were prepared according 
to example 1 . For the preparation of catalyst C6, example 1 was exactly duplicated, while for the preparation of catalyst 
C7 the sequence of platinum and rhodium impregnation for the, second support was inverted- First, rhodium was de- 
posited onto the activated .alumina support* and only thereafter platinum:'""'" r- •*. 

[0093] Both catalysts were tested to.the^ The resutts 

are given in table 9. v - . - . , r . ^ , - _7 

Table 9: 




T50 PC] 


, CO/NO x [%] '~ - 

catalyst 

HC 

CO 


THz ± ; 0,25 A/F~ 

1-Hz ± 0,5 A/F - 

. 1 Hz ± 1 A/F 

C6 

360 

- 362 


"354 

99 , 

i 95 

: . 90 

C7 

359; 

355 


353 

" 97 ■ • 

~: 90 

": : 82 


1°?^ u From:,he table* it can. be seen thacthe dynamic behaviour of. catalyst C6. is much better than of ■ 

C7 Wrthout-wanting to bebound by. any theory, this effect may be.explained by a more intimate contact between 
platinum and,/ihodiumiif, platinum is deposited firstand then rhodium "? : •.; r. ?.>;?.-• v • '. 

Example 4: •.•„ ;.;.-?.;. „ / ., . , , — • . > 

Sions- " FOUF fUrther ea,alyStS,?C8r c 9. ei0;and C11 , were prepared according. to example 1, with th^following alter- " ' 

[0096] The total noble metal loading was set to 1 ,77 g/I (50 gffiS). The platinum/rhodium ratio was changed to 3 2 
n addition, different amounts of Mn0 2 and NiO were added in particulate form to the coating dispersions for the inner 
layers of catalysts C9 to C1 1 . These hydrogen suffide suppressing components were added to the coating dispersions*! " 
after the injection of the platinum compound. 

[0097] v For measuring the;hydrogen sulfide emission of these catalysts, they were frst loaded under lean conditions • 
with sulfur (space velocity 65000 IV; temperature 550°C; lambda 1,01;; approximate suffur contents fuel -200 ppm- 
approximate loading time >0,5 h). Thereafter, the lambda value was lowered to 0,88, and the . emission of hydrogen 
sul .de was measured with an. online mass spectrometer. The peak maximum of hydrogen sulfur emission is listed in 
table 10 for. the catalysts .catoCli. ... • . : ■ c -•• . 

Table 10: 


suppressi 

on of H 2 S-emission by Mn0 2 and NiO r 

Catalyst 

both layers 

, total Pt + Rh 

. Jnner layer. 

. H 2 S maximum. 

-.'..Pt/Rh -.. 

tg/i]" v.. 

H 2 S suppressing component 

• ' • [ppm] 

C8 
C9 
C10 
C11 

3:1 
3:2 
. 3:2 , 
*3:2 

1,77 
1,77 

. .1,77 • 
1,77 

20 Mn0 2 
^ - 40 ; MnO 2 .. r p ,_. } „>. 
5 NiO 

750 

.380/^ J\ 
330', ., 
100 


Example 5: 


air.*-: 


[0098] The catalysts according to the invention do not contain palladium. Nevertheless, they have proved to yield 
comparably low emissions of hydrocarbons, carbon monoxide and nitrogen oxides' as . do catalysts using palladium 
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and rhodium. .^c*.:" 

[0099] A further object of the invention was^o'reaT^ g'roup metals (PGM) of the novel 

platinum/rhodium catalysts as compared tp conventiqnal double,, layer palladium/rhodium catalysts given the PGM 
prices as of April 1 999. Therefore, catalysts aceordir4g-to-exafiF»ple-Vwith<ii#erenHetal noble metal loading and varying 
platinum/rhodium ratio were prepared and compared with respect to exhaust gas cleaning activity and PGM-cpsts. 
[0100] The catalysts were testeci ; =dn a -ElWl' certified vehicle as main underflboY "catalysts with a ratio ; of catalyst* 
volume/engine capacity of 0,67. All catalysts were measured following aging of 16 hours at 985°C with 10% by volume 5 
water in nitrogen. The tests were carried out with stoichiometric cold start according to the new European test cycle 
MVEG-EU III. ? 
[0101] The relative emissions are given in Table 11 with the values for4he pajladium/rhodium comparison catalyst 
(14Pd/1Rh) settolOO: ' *' '* • s.-j.w ■ • " ' " :> * ; * * 


^Table 11: 


15 


20 


25 


30 


35 


Relative emissions versus PGM^costs". 




total PGM loading 

PGM-ratio 

relative Emissions 

PGM costs 

[9/1] 

HC 

- CO 

NO x 

' " ' 3,53 " 

/14Pd/iRh" 

TOO 

"To'cr 

"TOOT 

T' ;T«T 

• - 1,41 - 

- 5PtA1Rh 

-119 

- -VKH 

H-T2-, 

- -5r 

... 1,77..... 

,.. „3£t/2Rh' : 

\,S2r. 

, 9.U 


7.s;._. 

■ 3,32 

45Pt/2Rh 

128 

108 i 

T10 

> 108 : 

3,89 

9Pt/2Rh 

80 

75 

-• 55 ■ 

y' 142. 


[0102] As shown in table? 11 ;-1h'e conversion of HC, CO and WO^ is strongly influenced^by the -rhodium' loading, arxf 
that for a given emission target/ reducing the platinumxontent iri^favour oMhe^rhodium conteRtis beneficial: While,* for 
example, a rhodium-enriched loading of 1,77 g/l (3Pt/2Rh>)rin the EU*1llcerttfietf vehicle shows -lower emissioris^fbf all 
three pollutant components compared with the Pd/Rh reference (3,53 g/l, 14Pd/1Rh), the 3,32 g/l (45Pt/2Rh) variant 
with high platinum content, falls behind the results of the 1 ,77 g/l loading (3Pt/2Rh), despite higher overall loadlng.iand 
distinctly higher precious metal costs. 

[0103] Furthervariaticfns and moderations ofthe;f ongoing will be apparent to those skifled ift the art and are intended 
to be encompassed by the claims appended hereto. - : 

: I ■■ t-u ,■■} bcr' ~\} *•>}•;, y ~ r .' ■ i ?i ^ . 'Y : r $l ? ■ w 

Claims-'- . , - • . *' ■ -cs e * •&'ioq:'':: ; -.<>, -v ; - "^r- ■* • ' • - ,: * 


40 


45 


High performance catalyst containing anJnner andean outer layer on an inert carried body" comprising noble metafs 
from the platinum group ^deposited'ofr support' materials, . ; , ; V . \.vv. ' -.-v. - ^ . ^ v 

characterised inthat, v :t : v * ^ - : j . r c • z . : l .» 

the inner layer comprises platinum" deposited on a^first support and on afirst oxygen storage compdneht and the 
outer layer comprises platinum and rhodium deposited on a second support and the outer layer further cbmprises 
a second oxygen storage component. 


The catalyst according to claim 1, .... - . : * *: - - - \ ;r : . .. : 

characterised' in that;* * -* — - — — ..... 

said first and second supports are Jhe same or differe^oLan.d are compounds selected from, the group consisting 
of silica, alumina, titania, zirconia; mixed oxides or.mixtures therefrom andzirconia-rich zirconia/ceria mixed oxide. 


so 


3. The catalyst according to claim 2, 
characterised in that, 

said first and second supports are activated alumina stabilised with 0,5 to 20 wt.-% of lanthana. 


55 


The catalyst according to claim 3, 
characterised in that, 

said first support further comprises a zirconia component 


5. The. catalyst according to claim 1^ 
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charact rised in that, . , 

..said first, and.second oxygen storage components are the same or different and comprise ceria-rich ceria/zirconia 
mix d oxide compounds" ' " " • ' *' \ .\ 

5 6. The catalyst according to claim 5, " 

characterised in that, .... , . . . ... . . - , , - 

said ceria/zirconia mixed oxide compounds are stabilised with praseodymia, yttria, neodymia^ lanth^napr mixtures 
thereof - - v.-jc. V'~,'<n^y>i 

to 7. The catalyst according ..to .cjai.m 6, .... , , f ... . : . \< , r . . . . ^ : . . . . 

characterised in that, . V , . . . .7'",. ' Z 

said outer layer further comprises activated alumina. ir . , : j^.. <t 

8. The catalyst according to claim 1 / v . r . .' ~" • ' , . 
15 characterised in that. 

said outer layer further comprises highly dispersed yttria, neodymia,Janthana or pjas'eodymia. 

9. The catalyst according to claim 1 , , . .. ... . B 

characterised in that, T ; * ^ 

20 platinum and rhodium are present on said second support in intimate contact with. each other. - • 

10. The catalyst according to,, one of, the claims 1 to 9,, — . .-> ■ ., • - 

characterised in that, . , . - . , ^ - - 

said carrjec body is in the form of a honeycomb with a plurality.of substantially, parallel passage-ways .extending 
25 therethrough, the passage ways being defined by walls onto which the inner-layer r is applied in amounts of from 

about. 5.0 to 250 g/l and the outer layer is applied in amounts of from- 1 0 to \ £0 . p/lof, the carrier body. o; • 

11. The catalyst according to claim 10, , u „ _ / - ^ , ,,,<*' , 

characterised in that, 

said first support is present in amounts of.jrom 2Oto.150,.g/l^sa|d first oxygen.storage comppnent is present /in ~. 
amounts of from 10 to 100 g/l and the zirconia support is present in amounts of from 5 to 60 g/!.. - n , f ;i - . 


30 


12. The catalyst according to claim 11, 

characterised in that, , _ t , . , . . , 

35 platinum Ls present in said ( inner layer in concentration;? of from £,01 to 5 wt.-fA^eiative to the total weight-qf said 

inner jayer^ 


40 


45 


so 


13. The catalyst according to clairn.,12,, . . , , 
characterised in that, 

said second support is present in amounts of : f rom 5 to 10p.g/l ?: s^d.seco^d,oxy j geastorage component js present 
in amounts of from 5 to 1 00 g/l and the activated alumina is present in amounts of from 5 tp r 60 g/k .... ; 

14. The catalyst according to claim 13, 

.characterised. in that, t f « ; - ■■ . . .. . 

platinum and rhodium are present in said outer layer in concentrations of from 6,5 to 20-wt.-Vo relative to the total 
. weight of said outer layer and the platinum/rhodium ma^sjatio is selected frqm the rang e ; of frorT| : 5;l'tq 1:3. 

15. The'catalyst according to claim 14, _ : \ . . - ^ ■"■ -..-^V . / 
characterised in that, . ... . . . 

at least one of said inner and outer. layers further comprises from about 1, to ^g/l^of a nickel,- iron or manganese 
component. " ' *" - \- "■ \ * V • ^. 


16. A method for manufacturing a catalyst according to claim 1 , 
characterised in that, 

55 the method .comprises the. steps of . , , , ... r ., r , 


a) coating the walls of the passage ways of.thacarrier body- with a coating composition containing particulate 
materials comprising said first support material and said first oxygen storage component, 


14 
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b) drying and calcining said coating, : 
• c) dipping the coated carrier body into a solution of a soluble ■precursor compound of platinum and calcining 
the coating, and : : - 

d) applying the outer layer on top of the inner layer. 

5 ■ .;: .;• v "; 

17. A method for manufacturing a catalyst according to claim 1, - ' ' * vr 
: characterised in that, '- "* fi • ? *. . - ;i " :* . ;. r.. 

the method comprises the steps of - 

to a) catalysing particulate materials comprising said first support material and safd first oxygen; storage compo- 

nent by impregnating them with a solution of a soluble precursor compound of platinum, drying L and cMlcining 
the materials to thermally fix platinum thereon, : " • v - r > ., . 

b) preparing an aqueous coating composition with the catalysed materials from step a) and coating the walls 
of the passage ways of the carrier body with this coating composition, : ' l * ' 

15 c) drying and calcining said coating, and ' " * -> " :/ 

d) applying the outer layer oh top of the -inner layer*' v *' 

18. A method for manufacturing a catalyst according to claim 1 , ... ._.*■•. . ■ • * - - * 
characterised in that, r ~ "' 

so the method comprises the steps' of ' - ' 1 : * ' * ' " - * - ' " ,,: - " i: ' *' " 1 

a) preparing a dispersion from particulate materials comprising said first support material and said first oxygen 
storage component and injecting a solution of a soluble platinum precursor compound; ' ^ 

b) fixing the platinum' cbrripoiind on ail particulate materials by adjusting the pH-value of the dispersion to 
25 • ' thereby obtain a coat irfg composition, " ''■ ' J h '. " iiP ~ /: : ; ' ; "V * 

c) coating' the walls of the passage ways of the carrier body with the aqiieb'us coating composition frbrrtstep a), 

d) drying and calcining said coating, and 

e) applying the outer layer on top of the inner layer. .... - v : . 

30 1 9. ' A method for manufacturing" a catalyst according to anyone of the claims 1 6 'to i 8, 1 : ~" 1 ' - : -> 

characterised in that, * : M ' j ■ J ,: * r -* * 0 

the method further comprises the steps of - 

a) impregnating said second support with a solution of soluble precursor compound ot'platinurri'and a corh- 
35 ' ; pound'of rhodium, drying : 3ntf calcining the impregnated support to thereby obtain a catalysed support, 

b) preparing an aqueous coating composition from said catalysed support, said second oxygen storage corri- 
. ponent and additional active alumina, and 

c) using said coating composition to apply said outer layer on top of said inner "feyer. ' v - v ' 

40 20. A method for manufacturing a Catalyst according' to anyone of the' claims^ 6 to 18i " """.^ " 

characterised in that, ' - - r - - - - -i ■ 

the method further comprises the steps of 

a) preparing a dispersion from said second support material and injecting a solution 'of a' soluble platinum 
45 - precursorcompound,^ ' - " ' J " ' ■ ' - ' * ■'■ ' ' '• 

b) thereafter injecting a sofutioVvof a soluble precursor compound of rhodium into the dispersion fronh step a) 
and adjusting the pH-value of the dispersion to thereby obtain a support catalysed with platinum and rhodium, 

c) preparing a coating composition from the dispersion of step b) by adding said'second oxygen stbrage com- 
pound and additional active alumina, ' ' ' : 

50 - ' y d) using said coating composition to apply said' outer layer dh top of said inner layer and ' 4 

e) drying and calcining the coated monolithic carrier. 

21. High performance catalyst according to claim 1, ' - ; " ' '* * " 

charact rls d in that, * ' f: 

55 the inner layer comprises platinum deposited on active alumina and on ceria-rich ceria/zirconia* mixed oxide and 

the outer layer comprises platinum and rhodium deposited on active alumina and the outer layer further comprises 
ceria-rich ceria/zirconia mixed oxide 'and the catalyst 'is bbtainabl' b>> " - 
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a) preparing a solution of a praseodymium precursor, adding ceria/zirconia mixed oxide and adjusting the pH- 
x value of the dispersion to thereby precipitate the praseodymium precursor onto ceria/zirconia, 

b) further adding active alumina to the dispersion of step a), 

c) injecting a solution of a platinum precursor compound into the dispersion of step b) and precipitating it onto 
s alumina and ceria/zirconia to obtain a first coating com posh ioiti for the inner layer of the catalyst, 

d) coating a monolithic carrier with said first coating composition and drying and calcining the coating to thereby 
obtain a carrier coated with said in nerJayer, „. " ^ 

e) preparin g a dispers ion of act iy e a lu mina and i nject in g a sol [ut ion qta plat in u mcpm po undjntp th is d ispe rs ion , 

f) thereafter injecting a solution of soluble rhodium precursor compound intq.the' dispersion from step e) and 
10 adjusting the pH-value of the dispersion to thereby obtain an aqueous dispersion of active alumina catalysed 

with platinum and rhodiurji, . ....... 

g) adding active alumina and ceria-rich ceria/zirconia mixed oxide to the dispersion of step;f), 

h) using said second coating composition to apply said outer layer on top of said inner layer and 

i) drying and calcining the coated monolithic carrier. 

is 

22. Catalyst according to claim 2?, . , - 

characterised in that, 

the active aluminas from step'b) and e) are stabilised with 0,5 to 20 wt.-% of lanthana J - * < . 

20 23. Catalyst according to claim 21 , 

characterised in that, ; * , \ 

in step b) a further zircon ia component is added. { ; i 

24. Catalyst according to claim 21 , ' l 

25 characterised in that, I 

a solution of a praseodymium precursor compound is added to the dispersion of step e). 


30 


35 


45 


50 


55 . - ' <• 
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